Abstract: Functionalized asymmetric porphyrins bearing highly reactive centers in substituents at the mesopositions were synthesized in good yields by the reaction of 5,15-diphenylporphyrin with organolithium reagents. Using these porphyrins as precursors highly complex tetrapyrrolic systems are accessible. The synthetic strategy is based on our earlier reports on the combined use of organolithium and alkyliodide reagents for the functionalization of porphyrins [1] .
Introduction
Tetrapyrroles have broad technical applications in the area of catalysis [2] , nonlinear optics [3] , receptors for molecular recognition [4] , photosensitizers [5] , and medicinal applications (PDT). Further development of these applications requires asymmetric and highly functionalized compounds. For these, novel and efficient synthetic methods, preferentially via a simple modification of easily accessible symmetric porphyrins have to be developed. Thus, functionalized asymmetric porphyrin precursors like 1 are key intermediates for the required compounds. Unfortunately the porphyrin skeleton is very resilient towards many reactions that should proceed quite easily on paper like Friedel-Crafts or Grignard reactions and so far, only a few efficient functionalization reactions have been described for porphyrins [6, 7] . , Especially, the direct, regioselective introduction of functional groups was rather limited up to now.
In general, there are three synthetic ways to functionalized, asymmetric porphyrins: a. mixed condensations, followed by laborious chromatographic separation b. multi-step total synthesis by the 2+2 or 3+1 condensation [8] c. direct introduction of function groups in easily synthesized symmetric porphyrins to the desired target compounds.
Due to the difficult work up and unsatisfactory yields of a) and the limited applicability of b) only c) offers some potential for further developments. Known functionalization reactions included Vilsmeier formylation, nitration and halogenation reactions [9] .. However, will the later offer potential in metal assisted C-C coupling reactions many of these modification reactions require harsh conditions and/or use of metalloporphyrins. Subsequent demetallation again, requires harsh conditions all resulting in unsatisfactory yields and low tolerance towards functional groups.
We have started a program aimed at the development of highly efficient methods for the functionalization and modification of porphyrins. Two years ago, we found that porphyrins readily undergo meso substitution reactions with organolithium reagents [10] and since then have developed this reaction to a generally applicable method for the for the preparative synthesis of the functionalized asymmetric porphyrin precursors. Here, we will report several facile and efficient applications of this methodology to the synthesis of highly functionalized porphyrins methods and demonstrate their active chemical properties in coupling reactions.
Results and Discussion
Porphyrins react readily at the meso positions with organolithium reagents. The overall reaction is a nucleophilic substitution and proceeds via initial reaction of the organic nucleophile with a meso carbon yielding an anionic species, which is hydrolyzed to a dihydroporphyrin (porphodimethen or phlorin). Subsequent oxidation with DDQ yields meso substituted porphyrins. The reaction is highly versatile as it is accomplished in high, often quantitative, yields with various alkyl or aryl lithium reagents and can be performed both with metalloporphyrins and its free base porphyrins. In addition, the anionic intermediates obtained from reaction of LiR with nickel(II)porphyrins can be used as in situ nucleophiles for the reaction with alkyl iodides. Thus, introduction of two different substituents (at the 5-and 15-position) in a one-pot reaction is possible [1] .
5,15-Diphenylporphyin (Scheme 1) is an easily synthesized symmetric porphyrin [11] with two free meso positions, in which new functionalized substituents from organolithium reagents and alkyliodides can be selectively induced without attack at ß positions [12] . In addition, repetition of the addition-oxidation sequence allows the synthesis of bifunctionalized asymmetric porphyrins by introducing a second functional group without formation of regioisomers as is observed in similar reactions with octaethylporphyrin [13] . Thus, we used 5,15-diphenylporphyrin for the preparation of various monofunctionalized porphyrins (Scheme 1).
Porphyrins 2-8 were synthesized through the reaction of organolithium reagents in good yields (70-86%).
The functional groups introduced are highly reactive and easily employed in further coupling reactions. For example, the amino and hydroxyl groups in porphyrins 2 and 3 react as nucleophiles smoothly with carbonic acid chloride, anhydride, and its activated ester (DDC, hydroxylsuccimide) as well as with many halogeno compounds. After deprotection of the porphyrin 5 and 8 the corresponding aldehydes can be used as key intermediates for the synthesis of porphyrin dimers or oligomers [14, 15] . , . Porphyrins 4 and 7 are good intermediates for the synthesis of cationic porphyrins by treatment with methyl iodide. Such compounds are widely used for investigating their interaction with proteins or used as an entry into watersoluble porphyrins [16] . Especially, porphyrin 6 will be an highly interesting candidate for the rational synthesis of porphyrin based materials such as porphyrin arrays or push-pull-porphyrins via Heck coupling [17, 18] . , Furthermore, these porphyrin precursors can be readily refunctionalized to more useful reactive porphyrin pigments. In this context, we report here several new porphyrins, which were obtained from the precursor compounds described above through the reaction of the porphyrin anionic intermediate with alkyl iodides. 1 The results are shown in Scheme 2.
In order to test the chemical reactivity of the functionalized porphyrins synthesized, we subjected them to coupling reactions to obtain novel porphyrins suitable for the applications described in the introduction. E. g. porphyrins 11-14, 16-17, 19 posses the amphiphilic properties often used in membrane studies [19] , porphyrin 15 is a redox-system and exhibits interesting electrochemical properties [20] , porphyrin 10 can be easily bound to gold particles and layer for surface studies [21] , etc.
Thus, the present methodology in conjunction with established techniques should allow the synthesis of almost any desired meso-functionalized porphyrin and more complicated macrocyclic systems with special chemical and physical properties in few steps and with high yields.
